This study revealed that both γ-oryzanol and γ-oryzanol/rice bran oil mixture could afford protection from CVDs and cardio-renal syndrome and suppression of hepatic carcinoma with superiority to γ-oryzanol/rice bran oil mixture. Therefore, consumption of γ-oryzanol/rice bran oil might be beneficial as preventive remedy for these diseases.
Introduction
Dyslipidemia translated in hypertriglyceridemia, hypercholesterolemia, elevated low-density lipoproteincholesterol (LDL-C) and reduced high-density lipoprotein-cholesterol (HDL-C) along with elevated total cholesterol//HDL-C has been reported as predictor of cardiovascular diseases (CVDs). This is because such sustained dyslipidemia induces high oxidative stress and proinflammatory condition that all together can lead to CVDs (1) . Disturbed life style, due to high intake of saturated fat and high consumption of sugar especially sucrose and fructose together with lack of physical activity, might produce the aforementioned dyslipidemia, oxidative stress and inflammation. Renal dysfunction might be initiated as a result of CVD (2) . On the other hand, kidney dysfunction might exacerbate CVDs in dyslipidemic subjects (3) . Cardiorenal syndrome (CRS) term reflects the co-existence of renal and CVDs which can lead to adverse outcomes (4) . It is hypothesized that nutraceuticals with reported antioxidant, antiinflammatory and lipid lowering effects might attenuate the incidence of both CVDs and renal dysfunction. It is also assumed that survival of cancer cells might be inhibited by anti-inflammatory natural agents thereby reducing progression and metastasis of cancer. Rice bran oil (RBO) is a rich source of nutraceuticals represented by gamma oryzanol, policosanol, phytosterols, carotenoids, tocopherols and tocotrienols that have different health benefits including anti-inflammatory, antioxidant and hepatoprotective effects. Gamma oryzanol is a mixture of ferulic acid esters of triterpene alcohol of reported different therapeutic effects (5, 6) . The objective of the present work was to study the protective effects of nutraceuticals represented by γ-oryzanol (γ-O) and γ-O/ RBO mixture towards CVD and cardio-renal syndrome in rat. The aim also included studying the reduction in survival of liver carcinoma cell line on application of the aforementioned nutraceuticals.
Materials and Methods
Preparation of rice bran oil Egyptian rice bran was stabilized directly after milling by heating at 125°C for 15 minutes, ground, sieved through 40 mesh sieve, packed in polyethylene bags and kept at -30°C until used (7) . Stabilized rice bran was subjected to continuous extraction by Soxhlet apparatus using petroleum ether (40-60°C) for oil extraction. The solvent was completely removed by evaporation under reduced pressure at a temperature not exceeding 40°C. RBO was kept in deepfreeze until used.
Gamma oryzanol
Gamma oryzanol was obtained from International laboratory (IL), USA.
Anticancer activity
Liver human tumor derived cell line (HepG2) was supplied from National Cancer Institute, Cairo University, Egypt. Anticancer activity of nutraceuticals represented by RBO/γ-O mixture (6:1) and γ-O alone was tested using the cell line technique as previous (8) . Cells of HepG2 (liver carcinoma cell) were plated in 96-multiwell plate (10 4 cells/well) for 24 hours before treatment to be attached to the wall of plate. RBO/γ-O mixture and γ-O were dissolved separately in dimethyl sulfoxide at 10mM as a stock solution. Different concentrations of the nutraceuticals (0, 5, 12.5, 25 and 50 µg/mL) were added to the cell monolayer; triplicate wells were prepared for each individual dose of each nutraceutical. The plates were incubated for 48 hours at 37°C in an atmosphere of 5% CO 2 . After 48 hours, the cells were fixed, washed and stained with sulforhodamine-B stain, then excess stain was washed with acetic acid and attached stain was recovered with Tris EDTA buffer. Color intensity was measured in an ELISA reader. The relation between surviving fraction of cancer cell and nutraceuticals doses was plotted. The concentration of nutraceuticals which reduced survival of the exposed cancer cells to 50% (IC 50 ) was obtained from the curves.
Animal experiment
Preparation of nutraceuticals' dosage form RBO and γ-O were mixed together (6:1) for preparation of a mixture to be given as daily oral dose to rats by gastric tube. The mixture was emulsified in water using gum acacia. Gamma-oryzanol alone was also made into emulsion by gum acacia. For the control groups of rats, the vehicle was prepared through dissolving the same amount of gum acacia in water.
Design of experimental procedure
Male albino rats weighing 130-155 g were obtained from animal house of National Research Centre, Cairo, Egypt. Animals were kept individually in stainless steel cages; metabolic cages were used for housing rats that were subjected to urine collection. Water and food were given ad libitum with 12 h light/dark cycle. Experimental diets were prepared as in Table 1 . High-fat-sucrose diet (HFSD) which was devoid from fibers was used to promote CVD in rats (through dyslipidemia, oxidative stress and inflammation). Cisplatin (Platinol, 1 mg/mL), purchased from Mayne Pharmaceuticals (Warwickshire, UK) was used for induction of renal dysfunction. The applied dose was 7.5 mg/kg rat body weight as intraperitoneal one dose which was reported to induce nephrotoxicity in rats (9) .
Forty-two male rats were divided into seven equal groups. Rats of group one represented the normal control (NC) and fed on balanced diet. Rats of group 2 were fed on HFSD and served as CVD control. Rats of group 3 and 4 were fed on HFSD and given daily oral dose of RBO/ γ-O mixture (300 mg RBO and 50 mg γ-O/kg rat body weight) and 50 mg γ-O/kg rat body weight, respectively. Rats of group 5 were fed on HFSD and treated by intraperitoneal cisplatin on the day 31 which stand for cardiorenal syndrome control (CRSC). Rats of groups 6 and 7 were given daily oral dose of RBO/γ-O mixture (300 mg RBO and 50 mg γ-O/kg rat body weight) and 50 mg γ-O/kg, respectively and were fed on HFSD with intraperitoneal injection of cisplatin on the day 31. Rats of the three control groups (1, 2 & 5) were given daily oral dose of equal amounts of the vehicle received by the test groups. The experimental period lasted 35 days. During the experiment, rats' body weight and food intake were recorded weekly. At the end of the experiment, 24 hour urine was collected from all rats treated with cisplatin for determination of urinary creatinine (10) . Blood samples were collected from anesthetized rats of all groups after an overnight fast. Plasma samples were separated and used for biochemical analysis. Plasma malondialdehyde (MDA) was assessed as indicator of lipid peroxidation according to previous procedure (11) . Plasma catalase activity, an antioxidant biomarker, and tumor necrosis factor-α (TNF-α), an inflammatory biomarker, were determined as previously mentioned (12, 13) . Plasma creatinine and urea were estimated (10, 14) as representative of kidney function. The activities of aspartate transaminase (AST) and alanine transaminase (ALT) were determined as indicators of liver function (15) . Lipid profile represented by plasma total cholesterol (TC), HDL-C, LDL-C and triglycerides (TG) were assessed by colorimetric methods (16) (17) (18) (19) . The ratio of TC/HDL-C was calculated as predictor of CVDs. Creatinine clearance (mL/min) was calculated as determinant of glomerular filtration rate [Urinary creatinine (mg/dL) × 24 h urine (mL)/plasma creatinine (mg/dL) × 1440]. Both kidneys and liver were immediately excised and weighed for calculation of organ/ body weight%. Total food intake, body weight gain and food efficiency ratio (body weight gain/total food intake) were calculated.
Statistical analysis
The results of animal experiments were expressed as the mean ± standard error (SE) and analyzed statistically using the one-way analysis of variance ANOVA followed by Tukey test.
Results
The anticancer effect of RBO/γ-O mixture and γ-O against HepG2 cells is shown in Figure 1 . RBO/γ-O mixture was more efficient than γ-O where IC 50 was 37 µg and 39.5 µg/ mL, respectively.
The results of plasma parameters of different experimental groups are illustrated in Table 2 . Plasma levels of TC, TG, LDL-C and the ratio of TC/HDL-C showed significant increase in association with significant reduction in plasma levels of HDL-C in HFSD control with or without cisplatin injection compared to NC. The rats fed on HFSD and treated by RBO/γ-O mixture or γ-O alone showed significant improvement in plasma lipid profile with superiority to RBO/γ-O mixture.
Administration of RBO/γ-O mixture or γ-O alone to rats fed on HFSD with cisplatin injection showed significant improvement in plasma LDL-C, HDL-C and TC/HDL-C compared to their corresponding control; while TG was only improved on treatment with the RBO/γ-O mixture, meanwhile no improvement was noticed in T-C on both treatments. Again RBO/γ-O mixture was more efficient in improving plasma lipid profile in HFSD/cisplatin model.
Plasma levels of MDA and TNF-α showed significant elevation in HFSD and HFSD/cisplatin control compared to NC. Plasma catalase activity demonstrated significant reduction in both diseases' models compared to NC. HFSD/cisplatin model produced severe elevation in MDA and TNF-α and reduction of catalase activity compared to HFSD model. Oral administration of RBO/γ-O mixture or γ-O alone showed significant reduction in MDA and TNF-α in association with significant elevation of the activity of catalase; RBO/γ-O mixture was more promising in both rat models.
Plasma activities of transaminases (AST and ALT) showed significant elevation in both HFSD control and HFSD/cisplatin control, while kidney function parameters (creatinine and urea) demonstrated significant increase only in HFSD/cisplatin control. Administration of RBO/ γ-O mixture or γ-O alone significantly improved liver function in both rat models. Both treatments reduced plasma levels of creatinine and urea in HFSD/ cisplatin model. In this respect; RBO/γ-O mixture was more efficient than γ-O in the two tested rat models in improving renal and hepatic function. Table 3 shows urinary data and creatinine clearance of and creatinine clearance; RBO/γ-O was superior. Nutritional parameters, liver/ body weight percent and kidney/body weight percent of different experimental groups are complied in Table 4 . Final body weight, body weight gain, total food intake and relative percentage of liver weight/body weight of HFSD control rats showed significant increase compared to NC. Only total food intake and relative percentage liver weight/body weight demonstrated significant increase in HFSD/cisplatin control compared to NC. Kidney/body weight percentage did not show any significant changes among groups. Administration of RBO/γ-O mixture or γ-O alone significantly improved nutritional parameters towards normal in both rat models.
Discussion
The induction of dyslipidemia, high TC/HDL-C, oxidative stress and inflammation by feeding HFSD in the present research, represent risk factors for CVDs. Prevention of such changes could avert progression to CVDs. Mutual interaction between CVDs and renal dysfunction is an important issue that requires intense investigations. CVDs might predispose renal dysfunction and renal dysfunction might lead to CVDs which probably could be related to rennin angiotensin system activity (2); and hence the CRS could exist. It was worthy to study the detrimental effect of dyslipidemia and accompanied inflammation and oxidative stress induced by HFSD on renal function in the current study. Treatment of rats with cisplatin during feeding HFSD was implemented to study to what extent renal dysfunction induced by cisplatin might elevate the risk factors for CVDs. HFSD showed severe dyslipidemia compared to HFSD accompanied by treatment with cisplatin while more rigorous elevated oxidative stress and inflammatory biomarkers were observed in the latter case. This indicated that the metabolism related to inflammation and oxidative stress might be the interrelated core in CRS but not the dyslipidemia. However, considering that dyslipidemia could induce inflammation and oxidative stress, this make it more sense that cross-talk of lipid metabolism, oxidative stress and inflammation might be integral items in the induction of CRS. Feeding HFSD produced liver dysfunction without affecting renal function while cisplatin treatment during this diet produced both liver and kidney dysfunction. Liver dysfunction during feeding HFSD might be related to accumulation of liver fat due to the fructose moiety of sucrose that enhances lipid synthesis and inhibits fat degradation through reduction of fatty acids betaoxidation. The saturated fat in HFSD also enhances the deposition of liver fat. Fat accumulation in liver together with the increased TNF-α, the inflammatory biomarker, might produce a case of steatohepatitis that leads to liver dysfunction with simultaneous dyslipidemia and risk of CVDs. Dietary fructose and saturated fat are correlated with dyslipidemia, insulin resistance and oxidative stress (20) . Treatment with cisplatin certainly produced renal dysfunction as reported previously (9) .
High fat high sugar diet was reported to induce obesity, metabolic syndrome, CVDs and kidney diseases with possible progression to CRS on the long run (21, 22) . The feeding period of HFSD in the present study was only 5 weeks so kidney dysfunction was not observed therefore, cisplatin treatment was important to induce similar changes.
RBO improved insulin sensitivity and up-regulated the expression of hepatic gene of insulin receptors (23) thereby reduced fat accumulation in liver, dyslipidemia, oxidative stress and the incidence of CVDs. RBO containing γ-O improved lipid profile, anti-oxidant status in hyperlipidemic subjects (24) . Gamma-oryzanol was reported to have hypolipidemic and antioxidant activity thereby reduced diabetic nephropathy which was ascribed to down regulation of lipid biosynthesis through inhibiting sterol regulatory element binding protein1-associated transforming growth factor-beta (25) . The results in the present study agreed with the aforementioned research where γ-O improved lipid profile, oxidative stress and kidney function. Gamma-oryzanol improved body weight, hypertriglyceridemia, kidney damage, structural and functional alteration of the heart in rats fed high fathigh sugar diet for 20 weeks (21) . Bread supplemented with RB was shown previously to have reno-protective effect (26) . At certain stage of renal failure diuresis occurs due to prostaglandin E2 secretion which inhibits cation reabsorption with consequent polyuria (27) , this resembles the polyuria demonstrated in HFSD/cisplatin control. Prostaglandin E2 is an inflammatory biomarker that may be enhanced during renal dysfunction and which might be inhibited on administration of the studied nutraceuticals. Glomerular filtration rate assessed by creatinine clearance was also improved during treatment with γ-O with or without RBO indicating reno-protective effect.
Lipid profile (TC, TG, LDL-C and HDL-C) was improved with reduction in body weight and liver weight in mice fed high fat diet and treated with γ-O (28) Tocotrienols, which are one of the rice bran bioactive constituents, were demonstrated to possess cardioprotective, lipid lowering, and anti-inflammatory activities (29) . They were also reported to have antineoplastic effects (30); the proposed mechanism was mediated through apoptotic, cell cycle arrest, angiogenesis inhibition, metastasis suppression, non-coding RNAs regulation, anti-inflammatory and antioxidant activities. Antiproliferative activity of phytosterol and γ-O, as bioactive constituents in RBO, was demonstrated previously (31) . The above mentioned studies support the anticancer effect of the tested nutraceuticals in the present work.
The presence of carotenoids, policosanol and phytosterols in RBO might participate in the antioxidant, anti-inflammatory, hypolipidemic, renoprotective and cytotoxic effects demonstrated in the present study.
The synergistic effect of γ-O with the different bioactive constituents of RBO might lead to superiority of RBO/ γ-O mixture on γ-O alone in improving the CVDs risk factors, liver and kidney function and the observed anti cancer effect.
Conclusion
Gamma-oryzanol/RBO mixture and γ-O might be used as cardio-and reno-protective nutraceuticals and could prevent cardio-renal syndrome. In addition, these nutraceuticals possess anti-cancer activity against HepG2.
